Next generation sequencing of T and B cell receptors is emerging as a valuable and effective method to diagnose and monitor hematopoietic malignancies. So far, this approach has not been fully explored in regard to autoimmune diseases. T cells develop in the thymus where they undergo positive and negative selection, and the autoimmune regulator (Aire) is central in the establishment of immunological tolerance. Loss of Aire leads to severe multiorgan autoimmune disease with infiltration of autoreactive T cells in affected organs. Here, we have utilized next generation sequencing technology to investigate the T cell receptor repertoire in autoimmunity induced by immunization of mice with a self-antigen, myeloperoxidase. By investigating the T cell receptor repertoire in peripheral blood, spleen and lumbar lymph nodes from naïve and immunized Aire À/À mice and wild type littermates, changes in the usage of V and J genes were evident. Our results identify TCR clonotypes which could be potential targets for immune therapy. Also, Aire À/À autoimmunity is driven by a variety of autoantigens where the autoimmune response is highly polyclonal, and access to the most adjacent immunologically active tissue is required to identify T cell receptor sequences that are potentially unique to the antigen in AireÀ/À immunized mice.
Introduction
Next generation immunosequencing allows for detailed identification and quantitation of every T cell in a biologic sample. This enables the assessment of clonal expansion and the detection of shared clones among multiple samples of interest and has become an appreciated method to monitor and diagnose haematological malignancies [1, 2] , but so far this technology has been less investigated in autoimmune diseases [3] .
Effective T cell immunity relies on the enormous diversity of their membrane bound T cell receptor (TCR) repertoire. The combinatorial diversity generated by the V(D)J recombination mechanisms in the thymus results in the somatically hypervariable CDR3 loop recognising the peptide antigen presented by major histocompatibility complexes I and II [4, 5] . T cells undergo positive and negative selection in the thymus, where the autoimmune regulator (Aire), a mediator of negative selection, is essential for the establishment of immune tolerance [6] . Aire is mainly expressed in a subset of medullary thymic epithelial cells (mTECs), allowing the promiscuous expression of peripheral antigens to be displayed to developing T cells [7, 8] .
In humans, the lack of AIRE leads to multiorgan autoimmune disease [9, 10] , where the endocrine organs, like the adrenals and the parathyroid glands are affected in particular [11] . The infiltration of T cells is evident in the affected organs, and patients also develop high levels of circulating autoantibodies directed against proteins expressed in the affected tissues. Although this is a rare disease, is has been valuable in studying the mechanisms behind a functional immune system and the impact of negative selection [12, 13] . C57BL/6 mice mimicking a human 13-base pair AIRE deletion were shown to have altered development of their mTECs and a mild autoimmune phenotype with infiltrating T cells in affected organs particularly the eyes and salivary glands [14] . Previous assessment of T cells in these mice has shown minimal changes in the TCR repertoire and a polyclonal expansion of autoreactive T cells [14] .
The expression of myeloperoxidase (MPO) was found to be under Aire control in thymus [15] . The role of systemic autoimmunity to MPO in the development of crescentic glomerulonephritis has been unraveled during the last years, where both antibody producing B cells [16] and MPO specific T cells have been shown to be important for the disease development [17, 18] . In Aire À/À mice immunized with MPO, increased frequencies of anti-MPO CD4
þ T effector cells resulted and the severity of glomerulonephritis was enhanced [15] . This has now become a validated model of MPO-induced autoimmunity, where the T cells have been shown to direct disease progression [17e21]. We used next generation sequencing to study the TCR repertoire in autoimmunity by exploring the expansion and specificity of autoreactive T cells in naïve and MPO immunized mice that were either intact or had lack of negative selection (Aire deficiency). The rearranged TCRb CDR3 regions were sequenced in peripheral blood and from the immunological active organs spleen and lumbar lymph nodes (LNs) in all groups of mice. Using this as a model system, we hypothesised that the MPO-immunization would change the V and J gene usage and increase the number of overlapping CDR3 sequences in both Aire À/À and wt mice, and aimed to explore the potential of the TCR repertoire as a diagnostic marker for autoimmune diseases.
We here found specific V and J genes upregulated in MPO immunized wt and Aire À/À mice and a lack of clonal increase in the Aire À/À mice which suggests that the autoimmunity is driven by a wide variety of antigens. The TCRb sequences likely to be MPOspecific were more easily detected in LN samples after immunization, and hardly ever seen in samples from peripheral blood. Our findings suggest that the individual responses towards autoantigens are unique and polyclonal, and highlight the importance of selecting the relevant tissue to assess if analysis of the TCR repertoire is to be utilized in the monitoring of immunization and autoimmune diseases.
Materials and methods

Mice and MPO induction
Mice of the Aire À/À and þ/þ genotype on the C57Bl/6 background were used (Hubert et al. [14] ). Mice were bred at the animal house at the Center for Cancer Biology, Adelaide, Australia and immunization experiments were performed at the Monash Medical Center Animal Facility, Melbourne, Australia, according to the animal ethics guidelines. Aire À/À and control Aire þ/þ (wt) male littermates (n ¼ 7 and n ¼ 4, respectively) were immunized with 20 mg of native mouse MPO (nmMPO) [22] in Freunds complete adjuvant subcutaneously at the base of tail at Day 0. At Day 7, the mice were immunized again with 20 mg nm MPO in Freunds incomplete adjuvant subcutaneously at the neck. Nine days after immunization, glomerulonephritis was induced in all mice by planting endogenous MPO in their glomeruli using an established technique [18, 20, 21] of administering 1.5 mg of sheep anti-mouse GBM globulin intravenously on two consecutive days. Mice were humanly culled at day 20. As controls for the TCRb sequencing, naïve Aire À/À and þ/þ mice were used (n ¼ 5 in each group). Unfortunately, we did not get good quality DNA from spleen from one of the immunized Aire À/À mice, and in the group of naïve wt mice DNA from peripheral blood and lymph nodes were not available from one mouse. Mice were age matched to the immunized mice, the majority of the mice being 16 or 17 weeks of age at date of death while two immunized Aire À/À and one mouse in each of the naïve groups were 28e29 weeks at date of death. The mice were also sex matched except for the use of one female mouse in each of the naïve groups. Freunds adjuvant contains many immunogenic foreign proteins and using it does generate many antigen specific immune responses. However, trying to induce autoimmunity, adjuvants are essential in the complex processes that results in the loss of tolerance and broadly accepted as being necessary for the generation of adaptive immunity. We have previously shown in this model that MPO immunized AIREÀ/À mice develop more severe anti-MPO GN compared to MPO immunized WT mice. The measures of glomerular injury included functional renal loss (measured by the extent of albumin leakage, albuminuria) and structural renal damage (quantitated by the frequency glomerular focal segmental necrosis and the extent of injurious lymphocyte infiltration into the glomeruli). All measures were significantly more severe in MPO immunized AIREÀ/À mice than WT mice [15] .
DNA extraction
Spleens and lumbar lymph nodes were harvested and snap frozen in liquid nitrogen. Peripheral blood (200e500 ml) was collected by cardiac puncture, thoroughly mixed with 50 ml of 0.5M EDTA pH 8.0 and snap frozen in liquid nitrogen. DNA was extracted using the QIAamp DNA Mini kit from QIAGEN according to the instructions for blood and tissue samples respectively.
TCRb CDR3 sequencing
Amplification and sequencing of the TCRb CDR3 regions was performed by Adaptive technologies using protocols described previously by Robins et al. [23] . Briefly, a multiplexed PCR method was employed to amplify all possible rearranged genomic TCRb sequences in mice using 34 forward primers, each specific to a functional TCR Vb segment, and 14 reverse primers, each specific to a TCR Jb segment. LN samples with an estimated input of 200,000 T cell genomes were sequenced to get a targeted output of 800,000 sequences. Spleen and blood samples with an estimated input of 40,000 T cell genomes were sequenced to reach a target output of 200,000 sequences. The total number of sequences for LN samples was higher than the expected output of 800,000 sequences while a few spleen samples and half of the blood samples were below the expected output of 200,000 sequences. The divergence in sequence output could be due to differences in the number of input T cells, and a lower percentage of TCR genomes than expected in some of the samples.
Identification of TCRb CDR3 sequences and VDJ decomposition
Raw Illumina sequence reads were demultiplexed based upon Adaptive's proprietary barcodes then further processed to remove adapter and primer sequences, primer dimer, germline and other contaminant sequences. The data is then filtered and clustered using both the relative frequency ratio between similar clones and a modified nearest-neighbour algorithm, to merge closely related sequences introduced through PCR and sequencing. The resulting sequences were sufficient to allow annotation of the V(N)D(N)J genes constituting each unique CDR3 and the translation of the encoded CDR3 amino acid sequence. V, D and J gene definitions were based on annotation in accordance with the IMGT database (www.imgt.org). The set of observed biological TCR beta CDR3 sequences were normalized to correct for residual multiplex PCR amplification bias and quantified against a set of synthetic TCR beta CDR3 sequence analogues TCRb CDR3 region was identified according to the definition previously established by the International [24] .
Overlap in unique sequences between two mice
Clones in common between mice within and between groups were compared using their relative frequencies.
Identification of TCRb CDR3 sequences specifically increased in mice immunized with MPO
To identify the TCRb CDR3 sequences that were specifically increased in response to MPO induction we compared the abundance distribution of clones across the 7 immunized ko mice (LN samples) to the binomial distribution that one would expect if all clones were randomly drawn from a common population with equal probability. These distributions diverged for MPO-specific clones that were present in more than approx. 4 out of the total of 7 mice, so we considered clones present in 4 or more clones as potentially MPO-induced.
Clones that were considered potentially specific for MPO were present in a number of immunized ko mice above the cut off and could be present in immunized wt and naïve ko mice but not in any tissue samples from naïve wt mice. By not including any cloned found in naïve wt mice, most native public clones were eliminated. Clones present at 2 copies or above was considered possibly expanded (communication with Adaptive technologies). The resulting list of clones was ranked by their total number across the 7 immunized ko mice, and normalized by the total depth per sample (weighted average number).
The edit distance analysis in the Immuno Seq analyser software was used to identify clones differing in only one aa from the top clone in common between immunized mice. Clones that were present in naïve wt mice or only present in naïve ko mice were excluded.
The TCRb CDR3 sequences for the top 10 potentially MPO specific clones in common for immunized mice as well as the top 5 sequences in common for ko mice were blasted using WU-BLAST, an implementation of the Basic Local Alignment Search Tool (BLAST) by Altschul et al. [25] , at the Mouse Genome Informatics Web Site, URL: http://www.informatics.jax.org (March, 2013). They were also blasted against the Genbank Mouse database and the UniProt Mouse database (March 2013), and analysed using IMGT/V-QUEST [26] on the Immunogenetics Web Site URL: http://www. imgt.org (September, 2016).
Statistical analysis
All statistical analyses were performed using GraphPad Prism 5 software (La Jolla, USA). Student's t-test was used when comparing two groups and 1-way Anova with the Bonferroni's test for multiple comparisons when more than two groups were compared. P-values below 0.05 were considered statistically significant.
Results
TCRb CDR3 sequencing
Rearranged TCRb CDR3 regions in genomic DNA samples from LNs, spleen and peripheral blood from Aire À/À and wt mice either naïve or immunized with MPO, were sequenced using the immunoSEQ assay (Adaptive biotechnologies, Seattle, Washington). Between 700,000 and 3,4 million TCRb CDR3 in-frame sequence reads from the LN samples were generated (Table 1) , while fewer sequence reads for spleen and blood samples were obtained; with Tables S1 and S2) .
As a measure of diversity, we elected to use the ratio of productive unique to total sequences ( Fig. 1) , productive sequences being sequences within reading-frame and without stop. In both spleen and peripheral blood, the amount of unique productive sequences were significantly higher (p < 0.05) in MPO immunized mice compared to non-immunized mice. However, no differences between the groups were found in LN samples or between Aire À/À and wt mice. To what extent the repertoire was dominated by one or a few clones (clonality) was investigated in the productive sequences but no differences were found between the four groups of mice in any of the tissues (data not shown).
TCRb V-and J gene utilization
For the productive sequences, the Vb gene usage was distributed similarly in the different tissues among the different groups of mice ( Fig. 2 and Supplementary Fig. S1 ). The immunization with MPO reflected on the repertoire by changing the Vb gene utilization. Most profound were the differences in the V families Vb 3, 5, 12, 13, 14, 17, 19 , and 29 between the immunized and the naïve mice ( Supplementary Figs. S1 and S2 ). In particular, the individual V gene with largest difference in utilization between immunized and naïve mice in all tissues was 13-3 (p < 0.01) (Fig. 2) . This suggests this gene to be used in clones specifically expanded in response to MPO immunization, and several of the clones with the highest copy numbers in common for immunized mice actually used the 13-3 Vb gene ( Table 2 ). The differences in the Vb usage was not as profound when comparing naïve Aire À/À mice to the two wt groups, but there was a significantly higher utilization of V genes 3e0, 17e0 and 19e0 in naïve Aire À/À mice in the three tissues investigated (p < 0.01) (Fig. 2) . This suggests that these V genes are likely to be utilized in TCR clones bearing receptors that recognise self-antigens related to Aire-deficiency.
The differences between the groups were smaller for the J gene than for the V gene usage, but some differences were significant in the LN samples ( Supplementary Fig. S3 ). Here naïve Aire À/À mice had higher usage of some J genes, e.g. J 2e3. This might suggest a difference in expanded TCR clones due to Aire deficiency. The utilization of J gene 2e3 was also more similar between the two Aire À/À groups in the spleen and peripheral blood samples, which supports the idea of a specific J gene usage in Aire deficient mice.
In total, there were 34 V genes and 14 J genes used in all LN samples, hence a total of 476 combinations were available. Among the LN samples only 378 of these combinations appeared which could suggest a biased usage of V and J genes. 
Overlap of TCRb CDR3 repertoire
We found the overlap of unique nucleotide sequences between all samples to be tissue-dependent, and dependent on the depth of the sequencing, when assessing the overall overlap between the groups. The highest number of overlapping nucleotide sequences was seen in LN and spleen samples, where all twenty samples shared a single clone, while this was reduced to only 14 mice sharing one clone in peripheral blood (Fig. 3) . Of note, spleen and peripheral blood were sequenced to the same depth, which highlights the tissue-effect.
Analysing the overlapping unique amino acid sequences within the four groups, we expected the immunized and the Aire À/À mice to have more clones in common as they develop immunity to shared antigens. For the LN samples, it seems like the overlap of unique clones was mostly dependent on the number of samples investigated, and in peripheral blood there was hardly any overlap in any of the groups (0e2 shared clones) (Fig. 4) . However, looking at the samples from spleen, it is evident that the immunization with MPO significantly (p < 0.05) reduces the number of overlapping unique nucleotide sequences (Fig. 4D ). This suggests an individual, polyclonal expansion toward this antigen, and underscores the importance of studying an immunologically active tissue.
In a pair-wise comparison of common clones within each group, the highest number of common clones was found in the naïve wt and immunized Aire À/À samples and the lowest number of common clones was seen in naïve Aire À/À mice (Table S3 and S4), which could suggest a polyclonal recognition of common autoantigens.
Identification of TCRb CDR3 sequences specifically increased in mice immunized with MPO
To identify the TCRb CDR3 sequences specifically increased in response to MPO immunization, we investigated the LN samples, as this was the tissue with largest sample sizes and the MPO specific clones should be enriched in the draining LNs. The sequences were defined by demanding that the clones were (i) in common in four immunized mice (Supplementary Figure S4) , (ii) not expanded in naïve wt mice, (iii) present at above 2 copies in a sample. These clones should be present in one or both the immunized groups, and could be detected in naïve Aire À/À mice as they have the propensity to develop autoimmunity to this antigen (Fig. 5) . The resulting list of clones was further ranked by their total number across the 7 immunized Aire À/À mice, and normalized by the total depth per sample. The top clones are listed in Table 2 , including a number of clones present at higher levels in one or more of the naïve Aire À/À mice, representing TCR clones possibly expanded in response to a common autoantigen.
The most interesting clone is comprised by the amino acid sequence CASSGTENTEVFF and utilizes the TRBV13-1 and TRBJ1-1 genes (Table 2 ). This clone had the highest collective copy number among the LN samples, and was present at high levels in the spleen samples, and in one blood sample. The likelihood of the same TCR arrangement being in two individuals and having a high affinity toward the MPO antigen is unknown and could be low. Therefore, the other clones listed as potential clones in Table 2 could also be specifically expanded in response to the immunization with MPO. We also identified clones only present in Aire À/À mice, both immunized and naïve, which could be expanded in response to common autoantigens ( Table 2) .
The amino acid sequences in our top ten clones share some similarities. The two longest shared CDR3-motifs made up by the D gene and inserted nucleotides is G_H_N and TGG, and is shared by two of the top clones in immunized wt mice and immunized Aire À/À mice, respectively (Table 2 ). Investigating single amino acid substitutions in CDR3 of the top clone identified 5 potentially mutated clones, after elimination of clones present in naïve wt mice or at high levels in naïve Aire À/À mice. Of these, the clone most likely to be mutated and recognising the same antigen as the original top clone had the CDR3 sequence CASSETENTEVFF (Table S5) , and was present in higher levels than the CASSGTEN-TEVFF clone in one immunized Aire À/À mouse.
The top ten TCRb CDR3 sequences expanded in immunized mice and the top 5 sequences expanded in Aire À/À mice were blasted against the Genbank Mouse and the UniProt Mouse databases, to see if they are commonly expanded in mice. No clones had an identical match in either the nucleotide or the protein database. These sequences were also analysed using IMGT/V-QUEST. This program could correctly identify the V and J genes but not the D genes according to the programs requirements. For thirteen of the fifteen top clones the best match using the IMGT/V-QUEST was however identical to the D gene identified by the sequencing analysis tool, which is in fact based on annotation in accordance with the IMGT database. No TCRb CDR3 sequence show perfect alignment with any sequences in the databases, as would be expected for a novel finding.
Discussion
In this study, we have investigated the utility of next generation sequencing of the TCR repertoire in the assessment of an autoimmune disease. By using three different tissues for sampling, we had the opportunity to investigate the relationship between putative antigen specific TCR clones in peripheral blood, spleen and lumbar lymph node. We hypothesised that MPO immunized mice would have fewer unique clones compared to naïve mice due to loss of diversity caused by clonal expansion; however, this was not observed in any of the tissues. Rather, we saw a higher frequency of unique clones, as well as total clones, in immunized mice compared to nonimmunized mice in samples from spleen and peripheral blood. This is likely to reflect a polyclonal expansion of clones towards the antigen. Although Aire À/À mice have been reported to develop a more severe induced glomerulonephritis than wt littermates, we found no differences in diversity between the Aire À/À and wt mice. This suggests a broad, polyclonal expansion towards autoantigen, or that the autoimmune T cells reside in the affected tissues.
The impact of immunization with MPO was evident on the utilization of the V and J genes where we found a highly expanded V gene usage in the immunized mice, in particular for the V gene 13e3 in all tissues. This gene was also found in the top clones in common for the immunized mice. This highlights that expansion of specific TCR clones is detectable already with such crude comparison between groups, but our data also shows that clones specifically expanded in response to an antigen can be impossible to identify at the level of average V gene usage, as seen in Table 2 . TRVB 13e3, together with 19-0 which we also found to be expanded after immunization, are found to be expanded in NOD prediabetic and diabetic nod mice [27, 28] , suggesting these gene segments to be of particular interest in autoimmune diseases with possible therapeutic potential. Also, changes in gene usage could suggest a possible auto-antigen receptor motif instead of a specific highly shared TCR.
The utilization of J genes in naïve wt mice in our study were very similar to the results by Ndifon et al., where the splenic TCRb CDR3 repertoire in five naïve C57Bl/6 mice were analysed on the RNAlevel by massive parallel sequencing [29] . There were larger discrepancies regarding the V genes, and the sequences that were most highly used in our study were not amplified in Ndifon et al. [29] . A specific V and J gene usage in Aire À/À naïve mice in the C57Bl/6 background was evident in all tissues, suggesting an expansion of TCRs specific for different autoantigens, thus reflecting the loss of negative selection. Previously this repertoire has been investigated by flow cytometry and spectratyping with conflicting results [14, 30] , however, the reported increased usage of TRVb 19 in T cells isolated from spleen is in accordance with our results [30] . The low number of V and J gene combinations utilized in all of the LN samples from our mice suggests a biased usage of V and J genes, which is in agreement with findings in human TCR repertoires [23, 31] as well as in mice [29] .
The most informative comparison made available through the massive parallel sequencing of TCRb CDR3 regions is of the unique TCRb CDR3 sequences. Looking at the overlap of unique amino acid sequences in each tissue, it was evident that the tissue investigated and the number of T cells sequenced was of great importance, as no overlapping unique clones were found in common for all the samples from peripheral blood (Fig. 4) . When we explored the overlap of unique clones from the spleen samples for the different groups of mice, we found a significantly reduced number of clones in common for immunized mice compared to naïve mice. This suggests an individual and unique response towards MPO that drives down the amount of sharing between the samples.
The TCR sequences in common for four or more mice from any of the groups were very seldom unique to that group (Supplemental Table S6 ). This suggests that these clones were either expanded due to immunization in common between immunized mice, due to reactivity to autoantigens in common between Aire À/À mice, or in response to an antigen in common for mice in several groups.
Aire À/À mice were expected to have more clones in common compared to wt mice, as the Aire À/À mice have the propensity to develop autoimmunity to the same autoantigens. However, examination of the number of unique clones in common among all Aire À/À samples did not identify any trend indicating a difference in the TCR repertoire compared to wt mice. When unique sequences were compared in pairs within a group, we unexpectedly found a higher number of clones in common for the naïve wt mice, both in mouse pairs and within the groups. This could reflect that the recognition of common autoantigens in the Aire À/À and the immunized mice is highly polyclonal and unique to each animal.
Comparing Aire À/À mice to wt, we identified differential usage of V genes in all tissues, as well as clones restricted to Aire À/À mice in LNs and spleen, indicating a TCR repertoire expanded in response to loss of negative selection, but this was not reflected in changes in diversity in the TCR repertoire. C57Bl/6 Aire À/À mice have previously been shown to develop autoantibodies as markers of an autoimmune reaction at 20e25 weeks of age [14] , and the mice in this study (16e29 weeks of age, the majority between 16 and 17 weeks) might not have fully developed autoimmunity yet. As previously shown [14] , there is individual variation between the mice in their recognition of autoantigens that could mask a clonal expansion within the group. It is also likely that the autoreactive T cells mainly reside in their target tissue. It could be that other functions of Aire, like Aire's involvement in the development of some thymic Treg populations [32] , the extrathymic Aireexpressing cells that inactivate CD4 þ T cells [33] or the effect that loss of Aire has on the thymic milieu [34, 35] could influence our results and be the main reason for the observed difference in V gene usage. A very intriguing finding is the identification of TCRb CDR3 sequences that are specifically and highly increased in all or the majority of the immunized mice but not detected in any samples from naïve wt mice ( Table 2 ). The top clone CASSGTENTEVFF utilizing the TRBV13-1 and TRBJ1-1 genes is our best candidate for recognising MPO, and the clone CASSETENTEVFF with a single nucleotide substitution would also be expected to recognise the same antigen epitope. None of our top sequences has to our knowledge previously been described in the literature and are not present in the Genbank Mouse, the UniProt Mouse databases or the databases used by IMGT/V-QUEST. One study in humans with microscopic polyangiitis has described TCR sequences from T cell lines specific to MPO generated from peripheral T cells from patients [36] . These TCR sequences share a maximum of two amino acids with our top sequences in the amino acid sequence in the part of the CDR3 made up by the D gene and inserted nucleotides, i.e. TG or G_E. This is in concordance with the similarities in epitope sharing between humans and mice for autoantibody reactivity to MPO, where one of the main B cell epitopes in humans and mice also overlaps with the dominant T cell epitope in mice [37] . We find that the TCRb sequences recognising MPO have limited sequence diversity, which could make them suitable as therapeutic targets by idiotypic TCRs, an approach that has shown to prevent allergic encephalomyelitis in mice [38] , and to have beneficial effects in patients with multiple sclerosis [39, 40] . Thus, further studies could possibly reveal a potential as biomarkers and therapeutic targets [3] in patients with ANCA associated vasculitis and necrotising glomerulonephritis.
So far only few studies utilize this high throughput approach to monitor autoimmune diseases. Our model system emphasises the fact that in order to reveal TCRb sequences specific to autoantigens, one needs access to the targeted tissue or a tissue of immunological activity [27, 41] . Inkludere Hayday paper her This is an obvious drawback to fully applying this method in the field of autoimmunity, as it will call for invasive surgery or post mortem assessment. However, the current effort in epitope-MHC investigations and the utilization of MHC multimer technology [42] might be useful tools in this process, shedding light on the establishment and breakdown of tolerance in autoimmune diseases as well as tissue destruction and the potential to use this information in targeted immunotherapy. More intriguingly, as studies from mice points to a limited set of TRBV genes that contribute to autoimmune disease, this could lead to new therapeutic targets and disease intervention which is still poorly described in most autoimmune disorders. Fig. 4 . Overlapping, unique amino acid sequences between the groups. Overlapping, unique clones were investigated in all tissues and among the immunized and nonimmunized mice. The immunized mice show a significant reduction of overlapping clones. The samples were analysed using an unpaired, two-tailed t-test. *p < 0.05.
In conclusion, using next generation sequencing, we have identified potential specific TCRb sequences recognising MPO, and show that these sequences have limited diversity. We observe changes to the repertoire already in the utilization of V and J genes, and identified common CDR3 sequences restricted to the Aire À/À mice. However, the reaction towards shared autoantigens seems to be private and highly polyclonal, and this study emphasises the importance of the choice of tissue if utilizing this technique to monitor and diagnose autoimmune diseases. 
